ABSTRACT: The Southwest Atlantic continental margin between latitudes 21 and 23°S comprises the Campos Basin area. Its continental shelf is some 100 km wide, with the slope starting between 80 and 130 m in depth. The slope is about 40 km wide, extending deeper to the south (2000 m) than to the north (1500 m). Water masses influencing the area include (1) surficial tropical water (TW), 250 to 300 m depth; (2) South Atlantic central water (SACW), below TW 300 to 550 m; (3) Antarctic intermediate water (AIW), between 550 and 1200 m depth; and (4) North Atlantic deep water (NADW), 1200 to 3500 m depth. Distributions of octocorals (25 genera, 32 species/morphotypes) and stony corals (27, 11) and associations among taxa and with water masses were analyzed. Different communities were found over 3 depth ranges. Complete dissimilarity was observed between the continental shelf margin/upper slope and the middle-lower slope. The shallower depth range (52 to 760 m) was influenced by TW, SACW and the upper limit of AIW, while 11 species/morphotypes occurred exclusively in the middle depths (1000 to 1200 m), under the sole influence of AIW. No species were exclusive to the deepest depth range (1200 to 1605 m), which is bathed by NADW. Middle slope areas were distinct from one another, while lower slope areas were more homogeneous. Co-occurrences of species indicate the type of environment they live in, as soft or hard bottoms. 
INTRODUCTION
Deep-water octocorals of the South Atlantic are currently poorly known, with little work published (Medeiros & Castro 1999 , Castro & Medeiros 2001 , Castro et al. 2006 , chiefly due to the difficulties and costs of sampling. Exploration in such extreme depths is much more complex than in shallower waters and demands greater operational and logistical infrastructure. Two important deep-water reefs in southeastern Brazil are located in the Campos and Santos Basins (Viana et al. 1998 , Sumida et al. 2004 , Castro et al. 2006 , which host significant hydrocarbon exploration and production.
Campos Basin lies along the southwestern margin of the South Atlantic Ocean, on the Brazilian continental margin between 21 and 23°S (offshore the cities of Vitória and Cabo Frio, in the states of Espírito Santo and Rio de Janeiro, respectively). It occupies a total area of over 100 000 km 2 . The shelf averages 100 km in width and the slope begins in 80 to 130 m water depth at the northern and southern limits, respectively. The slope spans over 40 km at an average gradient of 2.5°. Its base is shallower to the north (1500 m) and deeper to the south (2000 m) (Viana et al. 1998 ; see Fig. 1 ).
Four major water masses influence the Campos Basin (Viana et al. 1998 ; see Table 1 ): tropical water (TW, in the upper shelf), South Atlantic central water (SACW, in the outer shelf and part of the upper slope), Antarctic intermediate water (AIW, which bathes the rest of the upper and middle slopes) and North Atlantic deep water (NADW, which influences the lower slope of the Campos Basin). Water masses seem to have a significant influence on the distribution and composition of megafaunal communities (Levin & Godday 2003) .
Comprehensive knowledge of the distribution of deep-water taxa is significant to deep-water conservation issues (Watling & Auster 2005) . Understanding the influence of water masses on corals may help estimate their distribution, dispersal, and area connectivity. In the present study, Octocorallia and Scleractinia (Cnidaria: Anthozoa) from the outer continental shelf and slope from the Campos Basin, from stations under the influence of different water masses were evaluated as to their spatial distribution and association of species.
MATERIALS AND METHODS
Two major projects contributed the sample data used in our analyses: Assessment of the Sustainable Yield of the Living Resources in the Exclusive Economic Zone (REVIZEE; Castro et al. 2006) , coordinated by the Inter-Ministry Marine Resources Commission (CIRM), and the Campos Basin Deep-sea Environmental Project (OceanProf campaigns I and II), coordinated by Petrobras. Samples obtained by bottom trawling were preliminarily identified using Bayer (1981) , Williams (1995) and Cairns (1979 Cairns ( , 2000 , with added literature used to reach the rank of species. Specimens were deposited in the Cnidaria collection at the Museu Nacional, Rio de Janiero (MNRJ).
Samples spanned 49 stations, all distributed within 1 degree of latitude, with 41 from the OceanProf I and II cruises (Octocorallia and Scleractinia), and 8 from REVIZEE (Octocorallia only). Several stations retrieved a single species, and some stations were sampled by both OceanProf campaigns. Due to these characteristics, for analytical purposes, stations were grouped (Table 1) , and the overall area was subdivided based on 2 criteria described by Viana et al. (1998) . The first criterion pertained to the vertical stratification of water masses: (1) continental shelf and upper slope, which are influenced by SACW and upper AIW; (2) medium slope, influenced by AIW; and (3) lower slope, influenced by NADW. The second criterion was geomorphological, and corresponded to subdivision of areas according to the occurrence of canyons and differences in declivity. These criteria subdivided the Campos Basin into 13 areas (Fig. 1, Table 1 ). Two distinct aspects were considered in the evaluation of the Octocorallia fauna. First, the Octocorallia fauna of the shelf, upper slope (subdivided into 3 areas), middle and lower slopes (each subdivided into 5 areas) were compared. Next, the distributions of Octocorallia and Scleractinia fauna were compared (as the latter are the main deep reef-forming taxa), using data from the middle and lower slopes only. This approach was determined by the absence of samples of Scleractinia in shallower stations and the completely distinct fauna among shallow and deep stations.
Areas with similar community structure (Q-mode) and species co-occurrence across sites (R-mode) were determined using cluster analysis and multi-dimensional scaling (MDS) based on presence/absence of species/morphotypes. Average group similarity and differentiation among groups was determined using similarity percentage (SIMPER) analysis. Similarity matrices were calculated using the Bray-Curtis coefficient in PRIMER 4.0 (Clarke & Warwick 1994) . The cutting line for each dendrogram is based on comparison with the respective MDS grouping as well as the length between consecutive branches.
RESULTS

Matrix
The Octocorallia fauna in the Campos Basin comprises 25 genera and 32 species or morphotypes (Table 2) . Morphotypes, which represent unnamed or unidentified species, are treated as distinct species in the analysis and discussion. A matrix of species occurrence in the pre-defined areas was used in the analyses (Table 2) .
Cluster analysis and MDS
The first Q-mode cluster analysis dendrogram and MDS (Fig. 2) for Octocorallia only clearly indicate 3 distinct areas: shelf, upper slope and middle and lower slope. The dissimilarity between shelf and slope areas was 100% (SIMPER).
Q-mode cluster analysis delineates 3 main groups in the middle and lower slope areas. These include one central and one northern Campos Basin middle slope area, with low similarities (< 40%), as well as a third group comprising the lower slope and an area from the middle slope in the southern part of the basin, with a similarity index > 40% (Figs. 1 & 2) . Analyses indicate that middle shelf areas are more dissimilar from each other, whereas lower shelf areas are grouped more closely together (Figs. 2 & 3) .
Two groups of areas indicated in Fig. 2 Table 1 for area codes), based on occurrence of Octocorallia Group B (3L, 1L, 4L; 78% average similarity) is characterized by Anthoptilum murrayi (79%) and Umbellula thomsonii (21%). The average dissimilarity between the 2 groups is 51%, with Anthomasthus grandiflorus contributing 49%. Also note that all lower slope areas plus middle slope area 1M form a cluster strongly distinct from all other middle slope areas. Area 1M is much further south than any other middle slope area and is geographically much closer to lower slope area 1L. Due to differences in slope morphology, Groups A and B present some depth overlap (Table 1) .
Species (R-mode) cluster analysis for Octocorallia in the Campos Basin demonstrates distinct faunas from the shelf and upper slope species in comparison with those of the middle and lower slopes (Figs. 4 & 5) . A total of 32 species of octocoral occurring in the basin are split evenly between the shelf/upper slope and the middle/lower slope areas. Most (81%) species present in the shallower zone (60 to 775 m, Table 1 ) occur in a single area (Table 2) and at least half of the species in shelf and central upper slope occur only once. Thus it is not possible to further evaluate the fauna from the shelf and upper slope. Umbellula thomsonii X X X 1110-1600 By contrast, only about 38% of deeper-water species appear only once. A 60% similarity was adopted for the R-mode cluster analysis (Fig. 3) , resulting in 3 groups: (1) Group A: Paragorgia johnsoni, Paramuricea sp. 1, Calyptrophora pillsburyae, Corallium niobe and Trachythella sp. (62% similarity); (2) Group B: Acanella sp. and Anthomasthus sp. (80%); and (3) Group C: Candidella imbricata, Narella alvinae, Telestula sp., Anthothela grandiflora and Paramuricea sp. 2 (68%).
A cluster analysis considering both Octocorallia and Scleractinia evaluated the coral community from the middle and lower slopes (Table 2) . Northern middle slope areas (4M and 5M, where the slope trends N-S) have similarities above 40%, whereas for the remaining middle slope areas (where the slope trends E-W), similarities are below 40%. The cluster of areas from the lower slope has a similarity of about 60% (Fig. 4) . MDS results (Fig. 4 ) also indicate closer proximity among lower slope areas (Group D), with only 2 areas from the middle slope being closer (Group E). Based on these results, a 40% similarity was used to delineate clusters.
The average similarity for Group D was 65%, with Deltocyathus italicus, Deltocyathus sp. and Anthoptilum murrayi contributing 86%. The average similarity for Group E was 48%, explained by the contribution of about 20% from the following species: Caryophyllia ambrosia caribbeana, D. italicus, Deltocyathus sp., Acanella sp. and Anthomastus sp. Area 1M and Group D Dissimilarity between Group D and Area 2M is 72%, largely due (61%) to Deltocyathus italicus and Anthoptilum murrayi in Group D, and Enallopsammia rostrata, Solenosmilia variabilis and Calyptrophora pillsburyae in 2M. Group D and Area 3M have a dissimilarity of 93%, while Groups D and E have a dissimilarity of 63%, with Acanella sp., Anthomastus sp. and Anthoptilum murrayi contributing 33%. Comparing Group E to the rest of the middle slope, average dissimilarity was 83% relative to Area 1M, 69% to Area 2M and 75% to Area 3M.
Among isolated areas, 2M and 3M present the lowest dissimilarity at 65%, explained by Deltocyathus sp., Enallopsammia rostrata and Anthomastus grandiflorus in Area 2M, and Trachytella sp., Desmophyllum cristagalli, Desmophyllum dianthus, Enallopsammia sp., Lophelia pertusa, Corallium niobe and Paragorgia johnsoni in Area 3M, each contributing 9% to the difference. Dissimilarity between Areas 1M and 2M averages 78%. The only completely dissimilar areas are 1M and 3M (100%).
A total of 27 species was considered for the co-occurrence analysis in the middle and lower slope: 16 species of Octocorallia and 11 of Scleractinia. Cluster analysis dendrogram and MDS (Fig. 5) interpretation suggest a 60% limit for cluster definition, resulting in 5 distinct groups (F to J).
The larger of these groups, F, consists of 10 species, with a 60% similarity, and could be subdivided into 3 smaller subgroups: (1) with a 68% similarity index, is comprised of Enallopsammia sp., Corallium niobe, Trachytella sp., Desmophyllum dianthus and Lophelia pertusa; (2) consists of Desmophyllum cristagalli, Paragorgia johnsoni and Paramuricea sp. 1, with a similarity index of 65%; (3) subgroup has the highest similarity, 80%, and is comprised of Calyptrophora pillsburyae and Solenosmilia variabilis.
Group G, comprised of Umbellula thomsonii and Caryophyllia ambrosia caribbeana, has a similarity index of approximately 68%, while Group H has an index of 60% and is formed by Deltocyathus italicus, Deltocyathus sp. and Anthoptilum murrayi. The final 2 groups include only octocorals -Group I (Candidella imbricata, Narella alvinae, Telestula sp., Anthothella grandiflora and Paramuricea sp. 2) and Group J (Acanella sp. and Anthomastus sp.) -and have similarity indices of 68 and 80%, respectively.
DISCUSSION
Habitat association
Octocorals exhibit a wide range of adaptations, often associated with specific environments. The order Pennatulacea, for instance, is associated with unconsolidated sediments (Bayer 1961) and, exclusively among octocorals, species possess a peduncle for anchoring in mud and sand. Most other octocorals have a basal disk for fixation in rocky or other rigid substrates, although some bamboo corals (Isididae) developed basal, rootlike processes that anchor the colony in sediment substrates (Bayer 1961) . Both types of bases occur among Campos Basin octocoral species, indicating the presence of both hard and soft substrates.
Co-occurrences of octocorals in the middle and lower slopes indicate 3 highly similar clusters (> 60%). A group formed by Anthomasthus sp. and Acanella sp., both of which possess root-like bases, present the largest inner similarity (80%), suggesting a softbottom environment. The 2 other clusters include genera with morphologies associated with hard-substrate. Among these genera, some are indicative of coldwater reef environments, as 4 of them are associated with the presence of lithoherms (Reed 2002) : Paragorgia, Corallium, Narella and Paramuricea. Three such genera were present in the same cluster (Fig. 3) , another indication of the occurrence of cold-water coral habitats in Campos Basin. Distribution of octocoral and stony coral species (Fig. 4) yield areal groupings similar to those of octocorals only (Fig. 2) . Species that contributed most to the lower slope cluster are: Deltocyathus italicus, Deltocyathus sp. and Stephanocyathus diadema, which are solitary species with unattached bases, and Anthoptilum murrayi, which has a peduncle. Lower slope species contributing to cluster formation indicate this uniformity to be predominantly associated with nonconsolidated substrates, such as mud and sand. The middle slope has low similarity among areas and presents more geomorphological variation than the lower slope (Fig. 1) . The middle slope shelters higher habitat diversity, including reef environments, as well as nonconsolidated bottom habitats. Reed (2002) compared the composition of communities in different cold-water reefs off Florida and concluded that geomorphological structure and high speed currents were similar in these reefs. The difference in species composition was correlated to reefforming species and local sedimentary setting. Mortensen & Buhl-Mortensen (2004) stated that strong currents may accelerate in areas with topographic irregularities, which can locally increase the supply of food and larvae. Limiting controlling factors (e.g. substrate, salinity and temperature) rule the occurrence and distribution of species over large spatial scales, while other factors (e.g. food supply) regulate the distribution over small scales (Mortensen & Buhl-Mortensen 2004) . When all environmental conditions are favorable, corals may produce extensive structures that trap sediments and provide shelter for many other benthic organisms, such as sponges (Rogers 1999) . The middle slope in Campos Basin is under the influence of strong currents (Viana et al. 1998) . Several canyons cut the area and influence water flow (Fig. 1) 
Anthothela grandiflora 5
Telestula sp. 28
Narella alvinae 17
Candidella imbricata 10
Umbellula thomsonii 32
Anthomastus sp. 6 Acanella sp. 2
Placogorgia sp. 23
Trachytella sp. 31
Corallium niobi 11
Calyptrophora pillsburyae 9
Paramuricea sp. 1 21
Paragorgia johnsonii 20
Anthoptilum murrayi 4
Anthomastus grandiflorus 3
Delthocyathus sp. C to the right area of high diversity, especially for sponges (Muricy et al. 2006 ) and corals (Castro et al. 2006) . Co-occurrences of octocorals and stony corals (Fig. 5 ) resulted in 5 clusters with > 60% similarity, which indicates different habitats. The most diverse cluster (Group F), was mostly composed of species indicative of cold-water coral habitats, e.g. the stony corals Lophelia pertusa and Enallopsammia spp., and the octocorals Corallium niobe, Paramuricea sp. and Paragorgia johnsoni. Other clusters (Groups G and H) were formed by species indicative of environments dominated by mud and sand, including Caryophyllia ambrosia caribbeana, Umbellula thomsonii, Dethocyathus italicus, Dethocyathus sp. and Anthoptilum murrayi. The remaining clusters (Groups I and J) were composed exclusively of octocorals, especially arborescent forms, which may be associated with the physical structure of cold-water reefs. Messing et al. (1990) observed zonation on lithoherms in 500 to 800 m depths, where gorgonians and crinoids occurred mostly along the flanks and downcurrent end of the ridges. Among the indicative organisms they reported, the primnoid Candidella imbricata was also found in one of the clusters exclusively with octocorals. Therefore, some samples from the OceanProf cruises were possibly taken from cold-water coral habitat margins.
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Areal distribution
Several factors contribute to faunal composition of deep coral environments. Messing et al. (1990) , Viana et al. (1998 ), Reed (2002 , Leverette (2004) and Mortensen & Buhl-Mortensen (2004) suggest that factors associated with bathymetry (e.g. temperature) or water masses may control distributions of shelf and slope corals. Water masses have diverse environmental characteristics, such as speed of flow, temperature, salinity, nutrients and pH. They can influence spatial and temporal patterns of food (plankton and organic debris, such as dead organisms and fecal pellets) in deep-sea benthic communities (Clark et al. 2006) . Viana et al. (1998) reported cold-water corals in the Campos Basin between the 570 and 850 m isobaths. At these depths, the superior portion of AIW predominates, causing the oxidation of the bottom and the transport of azooxanthellate coral larva, which eventually settle. In addition to the water mass, an adequate substrate is needed for fixation (Messing et al. 1990 ).
In the present study, different communities were associated with 3 bathymetric and water mass zones. The first consists of the continental shelf and upper slope, with depths ranging from 52 to 760 m, under the influence of TW and SACW (and upper AIW), and includes 16 species. Sampling in this zone was very limited and did not allow us to distinguish faunas associated with TW from those of the SACW. The second zone corresponds to the middle slope (1000 to 1200 m) under the influence of AIW, while the third zone (lower slope, 1200 to 1605 m) is under the influence of NADW.
Five species occur on the slope alone, although over a 400 m depth range: Anthomastus grandiflorus, Anthoptilum murrayi, Candidella imbricata, Narella alvinae and Umbellula thomsonii. These generalist species occur both under the influence of AIW and NADW, in the middle and lower slopes, respectively. Three of the 5 species, Anthomastus grandiflorus, Anthoptilum murrayi and U. thomsonii were recorded by Castro et al. (2006) between 804 and 2219 m depths elsewhere in east and southeast Brazil, further associating these species with areas under the influence of AIW and NADW. The remaining 11 species found in the shelf and upper slope occured only in areas under the influence of AIW, while no species occurred exclusively in areas under the influence of NADW. Bathymetry seems to be a factor that directly or indirectly influences conditions necessary for survival and development of certain corals.
The distribution of species on the middle slope under AIW influence is more heterogeneous than on the lower slope under NADW influence. Data presented here indicate a region of cold-water corals on the middle slope under the influence of AIW, complementing Viana et al. (1998) and Castro et al. (2006) , who reported coral environments in areas under the influence of AIW, although in shallower waters. Sumida et al. (2004) indicated that cold-water coral communities in Santos Basin, to the south of the area we studied, are also under the influence of AIW.
AIW and NADW, the water masses present in the slope of the Campos Basin, have circumglobal circulation patterns. As such, they are the same water masses that influence the Tasmanian seamounts (Commonwealth of Australia 2002). The depths bathed by each water mass, however, have regional variations. Rintoul et al. (1997) and Rintoul & Bullister (1999) mention that AIW flows between 500 to 1500 m depth in South Tasmania, while NADW flows deeper than 1500 m.
As the Commonwealth of Australia (2002) sampled exclusively depths shallower than 1000 m, one can conclude these samples to have been collected under AIW influence. Of the 20 genera found by the Commonwealth of Australia (2002) in Tasmania, 8 are also found in the Campos Basin: Anthomastus, Anthothela, Corallium, Chrysogorgia, Paragorgia, Paramuricea, Calyptrophora and Narella. Most occur in AIW-influenced areas, except for Anthomastus and Narella, which occur in the Campos Basin at both AIW and NADW depths (see Table 2 ). Note that in Tasmania, NADW-influenced depths were not sampled. AIW-influenced areas harbored a greater number of species when compared to NADW-influenced areas within the Campos Basin, although it must be noted that NADW extends to depths of 3500 m, well below the maximum sampled depths (1600 m). Among the fauna occurring only in the AIW-influenced areas (depths above 1200 m), the presence of species usually found in cold-water coral habitats elsewhere in the world (Messing et al. 1990 , Heifetz 2002 , Reed 2002 Viana et al. 1998 ) are probably the most adequate for the development and survival of the coral communities not only in the Campos Basin, but also in other cold-water habitats elsewhere in the world. 
